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vicinal element bend in one direction until they join, and the substance of 
the ring thus formed undergoes in both a similar and peculiar process 
of disintegration. From these facts the author infers that the rods 
and cones of the retina are composed of fibrillary tissue in its simplest 
form. 

12. Transverse sections of muscular fibre, when examined at intervals, 
show varying appearances, only a small minority of such preparations 
being successful. Successful preparations show one or more of three 
appearances :—(a) primary bundles, corresponding to Cohnheim’s fields; 
(6) groups of these (secondary bundles), the aggregate of which fill up 
the space bounded by the sarcolemma; (c) a threadwork of fine fibres 
surrounding the primary bundles, in meshes. 

18. Examination of connective tissue, in various stages of inflamma¬ 
tion, yields strongly confirmatory evidence in favour of the interpretation 
given by the author to the appearances, above described. 


January 28, 1875. 

JOSEPH DALTON HOOKER, C.B., President, in the Chair. 

The Presents received were laid on the table, and thanks ordered for 
them. 

The following Papers were read 

I. “On the Theory of Ventilation : an attempt to establish a 
positive basis for the calculation of the amount of Fresh Air 
required for an Inhabited Air-space.” By Surgeon-Major F. 
de Chatjmont, M.D., Assistant Professor of Hygiene, Army 
Medical School. Communicated by Prof. Parkes, M.D., 
F.RS. Received November 18, 1874. 

The question of ventilation, and the amount of fresh air required to 
keep an inhabited air-space in a sweet and healthy condition, has been 
much discussed of late years, and very fully treated of by various writers; 
but there was a good deal of vagueness and want of precision in the 
manner of treatment previous to the Report of the Committee on Metro¬ 
politan Workhouse Infirmaries in 1867. In a paper in the ‘Lancet’ in 
18661 attempted to show that a more scientific method might be employed, 
and suggested some formulae, which were quoted by Dr. Parkes in a paper 
appended to the Report above mentioned. Professor Donkin also inves¬ 
tigated the question there, and in a short but exhaustive paper showed 
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that, general diffusion in an air-space being admitted, the same amount 
of air was required to ventilate it, whatever its size might be. In 
another paper, published in the ‘ Edinburgh Medieal Journal 5 in May 
1867,1 went into the subject with the view of pointing out that we might, 
with existing data, establish a basis, which should be both scientific and 
practical, for estimating the amount of air required; and I adduced some 
results to show that the evidence of the senses might be employed (if used 
with proper care and precautions) as the ground-work of a scale, and gave 
a short table of the amounts of respiratory impurity (estimated as C0 2 ) 
which corresponded to certain conditions noted as affecting the sense of 
smell. This paper attracted the attention of General Morin, who made 
it the text of a short article in the Journal of the Conservatoire des Arts 
et Metiers during last year. Since the publication of my paper in 1867 
I have accumulated more data; and the number of observations being now 
sufficient to give at least a fair approximation to the truth, I beg to call 
attention to the results. 

It is generally admitted that it is organic matter, either suspended or 
in the form of vapour, that is the poison in air rendered impure by the 
products of respiration. It is also admitted that it is the same substance 
that gives the disagreeable sensation described as “ closeness ” in an ill- 
ventilated air-space. Although the nature of the organic matter may 
vary to a certain extent, it will be allowed that a condition of good ven¬ 
tilation may be established if we dilute the air sufficiently with fresh air, 
so that the amount of organic matter shall not vary sensibly from that of 
the external air. Unfortunately all the methods devised for the deter¬ 
mination of organic matter in air are both difficult and unsatisfactory, so 
much so that they are almost practically impossible in a ventilation inquiry. 
Observations, however, as far as they have gone, seem to show that the 
amount of organic impurity bears a fairly regular proportion to the 
amount of carbonic acid evolved by the inhabitant in an air-space; and as 
the latter can be easily and certainly determined, we may take it as a 
measure of the condition of the air-space. This being accepted, and 
general diffusion being admitted, we can easily calculate the amount of 
fresh air required to bring down the C0 2 to some fixed standard , adopt¬ 
ing as a datum the ascertained average amount of C0 2 evolved by an adult 
in a given time. If, now, we adopt as our standard the point at which 
there is no sensible difference between the air of an inhabited space and 
the external air, and agree that this shall be determined by the effects on 
the sense of smell , our next step is to ascertain from experiment what is 
the average amount of C0 2 in such an air-space, from which we can then 
calculate the amount of air required to keep it in that condition. The 
sense of smell is very quickly dulled, so that, in order to keep it acute, 
each air-space to be examined ought to be entered directly from the open 
air. For this reason I have not included in the present paper any of the 
observations made in prisons, as it is almost impossible, from their con- 
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casemates. 


struction, to enter the cells directly from the open air. All the results, 
therefore, have been obtained in buildings where this could be done, viz. 
barracks and hospitals, and the following are those examined :— 
Aldershot Permanent Barracks. 

Hilsea Barrack Huts. 

Hilsea Hospital (Pavilion building). 

Herbert Hospital (Pavilion), "Woolwich. 

Chelsea New Barracks. 

Tower of London. 

Gosport New Barracks. 

Anglesea Barracks, Portsea. 

Port Elson 1 
Port Brockhurst J { 

Garrison Hospital, Portsmouth. 

Civil Infirmary, Landport. 

The plan followed in all was to take the observations chiefly at night, 
when the rooms or wards were occupied, and when fires and lights (except 
the lamp or candle used for the observation) were out. In this way all 
disturbing sources of C0 2 were avoided, except in the occasional rare 
instances of a man smoking in bed or the like. On first entering the 
room from the outer air the sensation was noted and recorded just as it 
occurred to the observer, such terms as “ fresh,” “ fair,” “ not close,” 
“close,” “ very close,” “extremely close,” &c. being employed*. Most 
of these notes were made by myself ; but a good many were also made by 
my assistants, Sergeant (now Lieutenant) Sylvester in the earlier, and 
Sergeant H. Turner in the latter experiments. The air was then collected 
(generally in two jars or bottles, for controlling experiments), and set 
aside with lime-water for subsequent analysis, and the temperatures of 
the wet- and dry-bulb thermometers noted. About the same time samples 
of the external air were also taken, and the thermometers read. In this 
way any unintentional bias in the record of sensations was avoided, and 
this source of fallacy fairly well eliminated. 

In some of the earlier observations the C0 2 in the external air was not 
observed as constantly in connexion with the internal observations, partly 
because the importance of this was not so clearly perceived then, and 
partly from want of apparatus, the jars used being very bulky and not 
easy of carriage. It might therefore be argued that the combination- 
weights of the earlier experiments should be less in calculating the ave¬ 
rages. I do not think, however, that this would amount to any sensible 
difference in the result, as the external C0 2 ratios adopted from single 
experiments accord fairly with the mean ratio of the outer air f. In each 

* N.B. The terms used in the Tables are exactly those noted down at the time of 
observation. 

t Mean ratio of the whole series *372; omitting those at Portsmouth Garrison Hos¬ 
pital, which were exceptionally low, 413. 
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case the C0 2 has been corrected for temperature, but not for barometric 
pressure, as in some cases the reading of the barometer was not taken; 
the difference, however, would not exceed on an average 1 per cent. The 
vapour and humidity were calculated from G-laisher’s Tables. 

Although the records of sensation are various in terms, I have thought 
that they might be advantageously reduced to five orders or classes, as 
follows :— 

No. 1. Including such expressions as “fresh,” ‘‘fair,” “not close,” 
“ no unpleasant smell,” &c., indicating a condition giving no appre¬ 
ciably different sensation from the outer air. 

No. 2. Including such expressions a,s “ rather close,” “ a little close,” 
“ not very foul,” “ a little smell,” <fcc., indicating the point at 
which organic matter begins to be appreciated by the sense of 
smell. 

No. 3. “ Close,” indicating the point at which organic matter begins to 
be decidedly disagreeable to the sense of smell. 

No. 4. “ Very close,” “ bad,” &c., indicating the point at which organic 
matter begins to be offensive and oppressive to the senses. 

No. 5. “ Extremely close,” “ very bad,” <fcc., indicating the point at 
which the maximum point of differentiation by the senses is 
reached. 

Where there was a slight smell of tobacco no change in the record was 
made; but where the smell of tobacco was strong, the observation was 
generally referred to the next order, both because the presence of the 
tobacco-smoke indicated slow change of atmosphere, and also because 
the sense of closeness must have been considerable to make itself felt 
along with the tobacco. Hence such a remark as “ rather close,” which 
properly belongs to No. 2, is referred to No. 3, “ close,” if accompanied 
with a strong smell of tobacco. 

The total number of observations for the temperature, vapour, and 
humidity in the inhabited spaces amounts to 247*, and of carbonic-acid 
analyses to 473. Where the latter are in pairs they are linked by a 
bracket. In each case the external and internal observations and their 
differences are given, and the arithmetical means of all are taken. In the 
differences which represent the quantities due to respiratory impurity, 
the mean error, error of mean square, and probable error (both of a single 
measure and of the result) are calculated, and the limits shown between 
which the range would lie in each case. The values are also given as the 
reciprocals of the squares of mean error and of probable error of result, 
and their ratios to No. 1 as unity. The modulus is also calculated from 
the mean error and error of mean square, and the ratio of the two results 

* It has been thought unnecessary to give these in detail as taking up too much 
space, but the means are given at the end of the Table of Carbonic Acid. 
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thus obtained shown as another means of estimating the value of the 
series. 

Analyses of the different Orders, 

No. 1 (see Table No. 1)*.—“ Fresh ” &e.: a condition of atmosphere 
not sensibly different from the external air. 

1. Temperature. —The experiments were made during both winter and 
summer, so that there is a good deal of variation in the external tempe¬ 
rature, and the mean is some degrees above the mean annual temperature 
of this country (southern part of it), viz. 57°*47. The mean in the inha¬ 
bited air-spaces is 62°*85, or 5°*38 higher. This is a moderate difference, 
and shows a good average temperature for dwelling-rooms. The maxi¬ 
mum range is 10° (57°*89 to 67°*81), calculated from the error of mean 
square, the actual extremes being 77° and 53°. 

2. Vapour and Humidity. —As the external temperature varied con¬ 
siderably, so also did the amount of vapour, the mean being 4*285, equal 
to about 80 per cent, of humidity. The internal observations showed a 
mean of 4*629, or 73 per cent, of humidity, being an excess of vapour of 
0*344 of a grain, and a lowering of relative humidity equal to 7 per cent. 

3. Carbonic Acid. —The mean external carbonic acid was 0*4168, a 
little above the usual amount. The mean in the inhabited air-spaces was 
0*5998, or an excess of 0*1830, the mean error being 0*0910. The pro¬ 
bable error of a single observation is 0*0831, so that the truth would lie 
between 0*2661 and 0*0999; whilst the probable error of the result is 
only 0*0078, the range being between 0*1908 and 0*1752; we are there¬ 
fore entitled to say that the limit of impurity, imperceptible to the sense 
of smell, lies at or within 0*2000 volume of C0 2 per 1000 as a mean. 
From these data, then, w r e may lay down as conditions of good ventilation 
the following:— 

Temperature about 63° Fahrenheit. 

Vapour shall not exceed 4*7 grains per cubic foot, 

Carbonic acid shall not exceed the amount in the outer air by more 
than 0*2000 per 1000 volumes. 

No. 2 (see Table No. 2).—“ Father close ” &c.: a condition of atmo¬ 
sphere in which the organic matter begins to be appreciated by 
the senses. 

1. Temperature. —In this series the external temperature (although 
still above the mean temperature of this climate) was rather lower than 
in the previous one, viz. 54°*85, whilst the internal observations gave a 
mean of 62°*85 (the same as in No. 1), or a difference of 8°. 

2. Vapour and Humidity.- —Although the temperature was the same as 
in No. 1, the amount of vapour in the inhabited air-spaces was greater, 

* It has not been thought necessary to publish Tables 1-5, but they are preserved in 
the Archives of the Society. 
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both actually and relatively, the excess being 0*687 of a grain and the 
lowering of humidity being about 7*6 per cent. 

3. Carbonic Acid .—The mean amount in the outer air was 0*4110 per 
1000 volumes, in the inhabited air-spaces 0*8004, or a mean difference 
(respiratory impurity) of 0*3894. The range for the probable error of 
result lies between 0*4057 and 0*3731. 

We may therefore say that ventilation ceases to be good when the fol¬ 
lowing conditions are present:— 

Yapour in the air exceeds 4*7 grains per cubic foot. 

C0 2 in excess over outer air, ratio reaching 0*4000 per 1000 volumes. 

No. 3 (see Table No. 3).—“ Close ” &c.: the point at which the 
organic matter begins to be decidedly disagreeable to the 
senses. 

1. Temperature .—The temperature in this series was more near the 
mean of our climate, viz. 51°*28. The mean in the inhabited air-space 
was 64°*67, or a mean excess of 12°*91. 

2. Vapour and Humidity. —The vapour in the outer air was 3*837, and 
in the inhabited air-space 4*909, a mean difference of 1*072 grain per 
cubic foot. The drying of the air amounted to a lowering of the humidity 
by 11*56 per cent. 

3. Carbonic Acid .—The carbonic acid in the outer air was 0*3705 per 
1000 volumes, rather below the average. In the inhabited air-spaces it 
was 1*0027, or a mean difference of 0*6332 due to respiratory impurity, 
the range for the probable error of result being between 0*6477 and 
0*6167. 

We may therefore say that ventilation begins to be decidedly bad when 
the following conditions are reached:— 

Vapour reaches 4*9 grains per cubic foot. 

Carbonic acid in excess over outer air to the amount of 0*6000 per 
1000 volumes. 

No. 4 (see Table No. 4).—“ Very close” &c.: the point at which the 
organic matter begins to be offensive and oppressive to the 
senses. 

1. Temperature.— The mean external temperature was 51°*28, and the 
internal 65°*15, or a mean difference of 13°*87. 

2. Vapour and Humidity .—The mean vapour in the outer air was 
3*678 grains, and in the inhabited air-spaces 5*078, or a mean difference 
of 1*400 grain per cubic foot. This corresponds to a lowering of the 
humidity by 8°*58 per cent. 

3. Carbonic Acid. —The mean amount in the outer air was 0*3903 per 
1000 volumes, pretty near the usual average. In the inhabited air-spaces 
it was 1*2335, or a mean difference due to respiratory impurity of 
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0*8432, the range for probable error of result being between 0*8640 and 
0*8224. 

We may say that ventilation is very bad when:— 

Vapour reaches 5 grains per cubic foot. 

Carbonic acid in excess over outer air reaches 0*8000 per 1000 volumes. 

No. 5 (see Table No. 5).—“ Extremely close ” &c.: the maximum 
point of differentiation by the senses. 

1. Temperature .—The temperature in the outer air was 51°*86, and 
in the inhabited air-spaces 65°*05, giving a mean difference of 13°*19. 

2. Vapour and Humidity. —The mean vapour in the outer air was 
3*875, and in the inhabited air-spaces 5*194, showing an excess of 
1*319 grain, corresponding to a lowering of relative humidity of 9*88 
per cent. 

3. Carbonic Acid. —The mean amount in the outer air was 0*4001, or 
exactly the average amount. In the inhabited air-spaces it was 1*2818, 
showing an excess due to respiratory impurity of 0*8817 per 1000 
volumes, the range for the probable error of result being between 0*9202 
and 0*8432. 

The extreme point of differentiation by the senses is thus reached when 
the following conditions are found:— 

Vapour 5*100 grains per cubic foot. 

Carbonic acid in excess over the amount in the outer air beyond 
0*8500 per 1000 volumes. 

It will at once be seen that the figures in No. 5 differ but little from 
those in No. 4, and that the probable limit of differentiation by the senses 
is reached in No. 4. The number of recorded observations in No. 5 is 
also very few comparatively; and I think it would therefore be better to 
group the two together, as below. 

Nos. 4 and 5 combined, being the probable limit of possible differen¬ 
tiation by the senses. 

1. Temperature. —In the outer air 51°*43, in the inhabited air-spaces 
65°*12, or a mean difference of 13°*69. 

2. Vapour and Humidity. —The vapour in the outer air was 3*729, 
inside 5*108, or a mean difference of 1*379 grain, corresponding to a 
lowering of relative humidity of 8*92 per cent. 

3. Carbonic Acid. —In the outer air 0*3928, in the inhabited air-spaces 
1*2461, or a mean difference due to respiratory impurity of 0*8533, the 
range for probable error of result being between 0*8717 and 0*8349. 

We may therefore, I think, say that when the vapour* reaches 
5*100 grains per cubic foot, and the C0 2 in excess 0*8000 volume per 
1000, the maximum point of differentiation by the senses is reached. 

* It is to be understood that the amounts of vapour stated in these cases are in 
reference to a mean temperature of about 63° F. 



194 Surgeon-Major F. de Chanmont on the [Jan. 28, 

By referring to the Tables it will be seen that there is a regular 
progression as we pass from one order to another. The following 
abstract shows this :— 


No. 

Temperature. 

Vapour. 

Carbonic acid. 

In air¬ 
space. 

Excess 

over 

outer air. 

In air¬ 
space. 

Excess 

over 

outer air. 

In air¬ 
space. 

Excess 

over 

outer air. 

1 . 

62-85 

5-38 

4-629 

0-344 

0-5999 

0-1830 

2. 

62-85 

800 

4-823 

0-687 

0-8004 

0-3894 

3. 

64-67 

12-91 

4-909 

1-072 

1-0027 

0-6322 

4. 

65-15 

13-87 

5-078 

1*400 

1-2335 

0-8432 

5. 

6505 

13*19 

5*194 

1-319 

1-2818 

0-8817 


The progression is complete in the carbonic acid, although there are 
slight retrogressions in the temperature and vapour of JSTo. 5. Taking 
the last two combined, we have 

65°*12 13°*69 5-108 1-379 1-2461 0*8533 

We have now the progression complete throughout. Adopting four 
orders, then, we shall find the regularity of progression sufficiently note¬ 
worthy in the vapour and carbonic acid , the two products of respiration. 
It is less regular in the temperature, as might indeed be expected, from 
the varying condition of the external air. 


Table of Differences of Temperature, Vapour, and C0 2 . 



Temperature. 

Vapour. 

Carbonic acid. 

No. 

Actual ex¬ 
cess over 
outer air. 

Progressive 

difference. 

Actual ex¬ 
cess over 
outer air. 

Progressive 

difference. 

Actual ex¬ 
cess over 
outer air. 

Progressive 

difference. 

1 . 

5*38 

o 

0-344 


01830 


2. 

8-00 

262 

0-687 

0-343 

0-3894 

0-2064 

3. 

12-91 

4-91 

1-072 

0-385 

0-6322 

0*2428 

4 & 5 

(combined). 

13-69 

0*78 | 

i 

1-379 

0-307 

0-8533 

0-2211 


In each observation there is a culmination at No. 3, and a decline at 
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the next order. The average rates of progression (including the actual 
excess in No. 1) are :— 

Temperature. Vapour. Carbonic acid. 

3°*42 0*345 0*2133 

Here the amount of vapour is exactly the actual excess in No. 1, and the 
amount of carbonic acid somewhat in excess; the mean, however, be¬ 
tween this amount and the actual recorded excess in No. 1 is as 


follows:— 

Actual excess over outer air in No. 1 . 0*1830 

Mean of progressive increase, as above.. 0*2133 

Sum .2)0*3963 

Mean . 0*1982 


This is sufficiently close to 0*2000 to furnish some additional reason 
for adopting this latter number as the limit of respiratory impurity admis¬ 
sible in good ventilation . 

Values of the several series , considered relatively to each other . 

The values are important as a guide to the more or less trustworthy 
character of the series. They have been calculated out in three ways :— 

1. As the reciprocal of the square of mean error . 

2. As the reciprocal of the square of probable error of result. 

3. As the ratio between the modulus calculated from the mean error 

and the modulus calculated from the error of mean square of a 
single measure. 

The following Table gives the values from the first method, viz. as 
reciprocal of the square of mean error :— 


No. 

Temperature. 

Vapour. 

Humidity. 

Carbonic acid. 

1. 

. . . . 0*0821 

6*1300 

0*0190 

122*0000 

2. 

. . . . 0*0625 

3*1300 

0*0140 

34*0000 

3. 

.. .. 0*0403 

2*6500 

0*0110 

21*8000 

4. 

.... 0-0543 

2-7700 

0*0120 

17-0000 

5. 

.. . . 0*0664 

1*3700 

0*0090 

14-1000 

4 & 5 combined 0*0610 

2*2900 

0*0010 

16*5000 

and the ratios, taking No. 1 as 

1000, are 

:— 


1. 

1000 

1000 

1000 

1000 

2. 

.... 760 

510 

735 

277 

3. 

492 

431 

575 

178 

4. 

662 

450 

630 

139 

5. 

810 

224 

473 

115 

4 & 5 combined 7 45 

374 

526 

135 
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Here we see that there is a diminution of value pretty regular up to 
JNo . 3, when there is a rise in No. 4 and No. 5 in the temperature, a rise 
in No. 4 and a fall in No. 5 in the vapour and humidity, whilst the fall is 
progressive throughout in the carbonic acid. 

In each case the result of the combination of 4 and 5 gives a number 
which takes its proper place after No. 3, except in the temperature. 

The following Table gives the values according to the second method, 
viz. as reciprocal of the square of the probable error of the result:— 


No. 

Temperature. 

Vapour. 

Humidity. 

Carbonic acid. 

1. . 

. 5*2716 

293*93000 

1*2656 

16378*2000 

2. . 

. 4*1165 

324-2300 

0*5318 

3750-4000 

3. . 

. 3-7470 

281*3300 

1*0966 

4148*1000 

4. . 

. 3-7100 

170-000 

0-5439 

2307-5000 

5. . 

. 1*5839 

34*2770 

0*1986 

674*3000 

4 & 5 

combined. 5*3171 

195*8300 

0-7708 

2957-5100 

and the ratios, taking No. 1 

as 1000, are; 

; — 


1. . 

. 1000 

1000 

1000 

1000 

2. . 

.. 781 

1103* 

420 

229 

3. . 

. 711 

957 

867 

253 

4. . 

. 704 

578 

432 

141 

5. . 

. 302 

117 

157 

41 

4 & 5 combined. 1008* 

667 

609 

181 


Here we see much the same order preserved, except that in two cases 
marked * (Nos. 4 and 5, temperature , and No. 2, vapour) the amounts 
exceed No. 1. It is also observable that in the vapour, humidity, and 
carbonic acid No. 3 is superior to No. 2. In every case the combined 4 
and 5 series is superior to the two singly, being nearly their sum. 

In all the Tables it may be observed that the humidity is somewhat 
irregular in relation to the amount of vapour. This may be understood 
from the fact that it is a complex quantity, depending partly on the amount 
of vapour, and partly on the temperature. 

If we now seek to get a general expression of the relative values of all 
the observations in each order , we may take the product of their values 
by the different methods. 

Table showing the products of the Values of each Order, calculated 
from the Reciprocals of the Squares of Mean Errors. 


No. of Order. 

Product. 

Ratio. 

1. 

1-1720 

1000 

2. 

0*0931 

794 

3. 

0*0256 

218 

4. 

0*0307 

262 

5. 

0*0115 

98 

4 & 5. 

0*0230 

196 
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Table showing the same from Probable Error of Result. 


No. of Order. 

Product. 

Ratio. 

1. 

32139057 ... 

.... 1000*00 


2 . 2661995 . 83*00 

3 . 4794655 .. 149*00 


4. 

791570 

25-00 

5. 

7254 

0-23 

& 5. 

2373680 

74-00 


Here we see a greater irregularity, No. 3 showing a superiority over 
No. 2, due probably to the greater number of individual observations in 
the former case. 

Taking the mean of the ratios by the two methods, we have:— 


No. 

1 = 

1000 

No. 

4 = 

144 

2 = 

439 

5 = 

49 

3 = 

184 

4 & 5 = 

135 


But the discrepancy in the ratios of the values from the probable error, 
where No. 3 exceeds No. 2, is due to the irregularity in the humidity 
column; and as this is not an independent quantity, but dependent on 
the temperature and vapour, we may legitimately omit it. We shall then 
have the products as follows :— 

Values from Mean Error. 


No. 

Yalue. 

Ratio. 

1 . 

. 61*40 

1000 

2. 

. 6*65 

108 

3. 

. 2*33 

38 

4. 

. 2*56 

41 

5. 

. 1*28 

21 

4&5. 

. 2*30 

38 

Values from Probable Error of Result. 

No. 

Yalue. 

Ratio. 

1 . 

. 25382435 

1000*00 

2. 

. 5005632 

197-00 

3. 

. 4372692 

172-00 

4. 

. 1455360 

57-00 

5. 

. 36526 

1*44 

4 & 5. 

. 3079500 

121*00 


It will be seen that in the calculation from mean error there is a rise 
at No. 4 in both instances, i. e. with and without the humidity. There is 
a fall at No. 5, whilst the combined series 4 and 5 gives a result which 
follows naturally after No. 3. We may now reject Nos. 4 and 5 as sepa- 
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rate orders, and consider them in combination, when we shall have the 
following relative values :— 


No. 

From 

Mean Error. 

From probable 
Error of Kesult. 

1 . 

1000 

. . . . 1000 

2. 

108 

.... 197 

3. 

38 

... 172 

4&5. ... 

38 

121 


and the mean of the two values will be :— 

No. 1. 1000 No. 3. 108 

No. 2. 153 Nos. 4 & 5.... 80 

We have now a series of ratios which follow a regularly descending 
scale, very much in the order we might have expected a priori , seeing 
that the sense of smell is naturally less acute as the organic matter 
increases in amount. But it is of less consequence to determine the 
position of the higher orders in the scale, except as a measure of the 
general value of the observations throughout the inquiry, the really 
important point being the very great superiority of the first order, parti¬ 
cularly as regards the carbonic acid. This is an additional argument for 
its adoption as the limit of admissible impurity in good ventilation. 

The amount of fresh air necessary to keep the impurity down to the 
particular limit would be according to the following formula, 



where d is the delivery of fresh air in cubic feet per head per hour, e the 
amount of carbonic acid expired per hour by one inmate, and p the limit 
of respiratory impurity taken as carbonic acid per cubic foot. If we take 
e to be 0-6 of a cubic foot in a state of complete repose, such as during 
sleep, we are rather under Pettenkofer’s estimate, but considerably 
above Angus Smith’s. The following Table gives the amounts necessary 
for the three estimates :— 


No. of order. 

Limit of 
respiratory 
impurity 
per cubic foot. 

Cubic feet of air per head per hour calculated 
from 

Angus Smith’s 
estimate, 
0*450 

Proposed esti¬ 
mate as adopted 
by Dr. Parkes, 
e=0’600. 

Pettenkofer’s 

estimate, 

£=0-705. 

1 . 

00001831 

2460 

3280 

3850 

2. 

0-0003894 

1155 

1540 

1810 

3. 

00006322 | 

710 

950 

1115 

4&5. 

00008533 

530 

700 

825 
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I think that the general opinion is that Angus Smith’s results give too 
low an estimate, and that 0*600 is really the lowest that can be with 
safety admitted. 

The existing Army Regulations contemplate a delivery of 1200 cubic 
feet per head per hour in barracks ; but practical inquiry has shown that 
this amount is generally fallen short of. The result is that the life of 
the soldier, at least during his sleeping-hours, is passed in a TSTo. 3 air¬ 
space, or one in which the organic impurity is decidedly disagreeable to 
the senses. Previous to 1858 he did not even get this moderate amount 
of air; so that his life was spent in an air-space in which the organic 
matter was offensive and oppressive to the senses. If we adopt (as proposed 
already) 0*2000 per 1000 of C0 2 as the limit of impurity, then 3000 cubic 
feet per head per hour is the amount which must be delivered, on the 
supposition that 0=0*600, or 3525 if 0=0*705. 

We may say, in conclusion, that the experimental data already quoted 
fairly justify the adoption of the following conditions :— 

Conditions as the Standard of good Ventilation . 

Temperature (dry bulb) 63° to 65° Fahrenheit. 

„ (wet bulb) 58° to 61° „ 

N.B. The temperature should never be very much below 60°, but it 
may be found difficult to prevent its rising in hot weather. In any 
case the difference between the two thermometers ought not to be less 
than 4°, and ought not to exceed 5°. 

Vapour ought not to exceed 4*7 grains per cubic foot at a temperature 
of 63 F., or 5 grains at a temperature of 65°F* 

Humidity (per cent.) ought not to exceed 73 to 75. 

Carbonic Acid. Respiratory impurity ought not to exceed 0*0002 per 
foot, or 0*2000 per 1000 volumes. 

Taking the mean external air ratio at 0*4000 per 1000, this would 
give a mean internal air ratio of 0*6000 per 1000 volumes. 

By considering separately the conditions found in barracks and in hos¬ 
pitals, or among healthy and among sick men, a point of some interest 
and importance seems to be indicated—namely, that more air is required 
for the latter than for the former to keep the air-space pure to the senses. 
This is due either to the greater quantity of organic matter or to a dif¬ 
ference in its quality and nature. The following results are found from 
the data in the Tables :— 

Barracks. Hospitals. 

Mean amount of carbonic acid per 1000 volumes as 
respiratory impurity found when the air was noted 
as “ fresh ” &c., the impurity not being appreciable 


to the senses . 0*196 0*157 

Humber of analyses in each group . 75 38 
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Assuming the average carbonic acid per head to be 0*6 of a cubic foot, 
these amounts indicate a supply of air as follows :— 

Barracks. Hospitals. 

Amount of air supplied per head per hour in cubic 

feet... 3062 3822 

Stated in round numbers, therefore, we may say that while a barrack- 
room may be kept sweet with 3000 cubic feet, it will take 4000 to 
keep a hospital ward containing ordinary cases in the same condition. 
Much more would, of course, be required during times of epidemic or 
the like. 

There is less regularity in the higher orders ; but if the whole of the 
observations, other than No. 1, are taken together, we find a similar 
indication:— 

Barracks. Hospitals. 

Mean amount of carbonic acid per 1000 volumes, as 
respiratory impurity, in all the observations, when 


the organic matter was appreciable by the senses.. 0’601 0*580 

Number of analyses in each group. 274 86 


Calculating the amount of air supplied as above, we have:— 

Barracks. Hospitals. 

Amount of air supplied per head per hour in cubic 
feet . 998 1034 

A comparison may also be made by attaching a numerical value to each 
order, which we may do by making the mean carbonic acid of No. 1 unity, 
and finding its ratio to the others thus:— 


No. of order. 

Mean respiratory 
impurity as 

co 2 . 

Ratio, No. 1 
being unity. 

Differences. 

1. 

0*1830 

1-00 


2. 

0*3894 

2-13 

M3 

3. 

0-6322 

3-46 

1-33 

4 & 5. 

0-8533 

4-66 

1-20 


The progression is pretty regular, and the mean difference is 1*22, 
which differs but little from the individual terms. 








[To face p. 201.] 

Table (Summary) showing the Mean Difference between the External and Internal Air, as regards Carbonic A< 

with the Mean Errors, Errors of Mean Square, Probable Errors, Limits, Value, &c. 


Details given in the columns under each head. 


Mean difference between external and internal air 

Mean error of series of observations. 

Limits of mean error . 

Error of mean square of a single observation . 

Limits of do. 

Probable error of a single observation . 

Limits of do... 

Error of mean square of the result. 

Limits of do. 

Probable error of the result. 

Limits of do... 


Actual observed mean in the external air... 

Range in the inhabited air-space, calculated from the observed external 
mean, plus the difference between the limits of:— 

a. Mean error . 

b. Error of mean square of a single observation . 

c. Probable error of a single observation ....... 

d. Error of mean square of the result . 

e. Probable error of the result . 


Actual observed mean in the inhabited air-space... 

Modulus calculated from :— 

a. Mean error ..... 

b. Error of mean square of a single observation . 

Ratio of modulus (a) to modulus ( b )..... 

Value of the series calculated as the reciprocal of the square of:— 

a. Mean error ... 

b. Probable error of result. 

Number of observations ...... 

Mean temperature of air-space ... 

Mean vapour in grains in a cubic foot of air. 

Mean humidity per cent..... 


Carbonic Acid per 1000 volu 


No. 1. 

Fresh or not,” 
differing sensi¬ 
bly from the 
external air. 

No. 2. 

“Rather close”— 
that is, the point 
at which the or¬ 
ganic matter be¬ 
gins to be ap¬ 
preciated by the 
senses. 

No. 3. 

“Close” — that 
is, the point 
at which the 
organic matter 
begins to be 
decidedly dis¬ 
agreeable to the 
senses. 

No. 4, 

“Very clo 
thatis,th< 
at whicl 
organic i 
begins to 
fensive ai 
pressive 
senses. 

+0*1830 

+0-3894 

+0-6322 

+0-845 

0*090 

01715 

0-2140 

0-24S 

+0-2740 

+0-5609 

+0-8462 

+1-085 

+0-0910 

+0-2179 

+0-4182 

+0-60C 

01231 

0-2528 

0-2665 

0-285 

+0-3061 

+0-6422 

+0-8987 

+1-131 

+0-0599 

+0-1366 

+0-3657 

+0-555 

00831 

01705 

0-1797 

0*194 

+0-2661 

+0-5599 

+0-8119 

+ 1-033 

+00999 

+0-2189 

+0-4525 

+0-645 

0-0116 

0 0242 

0 0230 

0 030 

+0-1946 

+0-4136 

+0-6552 

+0-874 

+0-1714 

+0-3652 

+0-6092 

+0-81$ 

0-0078 

00163 

0-0155 

002( 

+0-1908 

+0-4057 

+0-6477 

+0-864 

+0-1752 

+0-3731 

+0-6167 

+0-82S 

0-4168 

0-4110 

0-3705 

0*390 

0-6908 

0-9710 

1-2167 

1-470 

0-5078 

0-6289 

0-7887 

0-991 

0-7229 

1-0532 

1-2692 

1-521 

0-4767 

0-5476 

0-7362 

0-945 

0-6829 

0-9709 

1-1824 

1-423 

0-5167 

0-6299 

0-8230 

1-030 

0-6114 

0-8246 

1-0257 

1-264 

0-5882 

0-7762 

0-9797 

1*20$ 

0-6076 

0-8167 

1-0182 

1-254 

0-5920 

0-7841 

0-9872 

1-215 

0-5998 

0-8004 

1-0027 

1-235 

0-162 

0-304 

0-379 

0-430 

0174 

0-358 

0-377 

0-405 

100:108 

100:118 

100:99 

100:95 

122-0000 

34-0000 

21-8000 

17-000 

16378-2000 

3750-4000 

4148-1000 

2307-500 

113 

109 

134 

87 

62°-85 

62°-85 

64°-67 

65°-15 

4-629 

4-823 

4-909 

5-075 

7303 

i 

74-25 

71-55 

73-60 































dbonic Acid, in each of the Orders, 
-lue, &c. 


p 1000 volumes. 

No. 4. 

“ Very close ”— 
that is,the point 
at which the 
organic matter 
begins to be of¬ 
fensive and op¬ 
pressive to the 
senses. 

No. 5. 

“Extremely close ” 
—that is, the 
point at which 
the maximum 
point of differen¬ 
tiation by the 
senses is reached. 

Nos. 4 & 5 com¬ 
bined, 

Being the proba¬ 
ble limit of pos¬ 
sible differen¬ 
tiation by the 
senses. 

+0-8432 

+0-8817 

+0-8533 

0-2425 

0-2659 

0-2465 

+1-0857 

+ 1-1476 

+ 1-0998 

+0-6007 

+0-6158 

+0-6068 

0-2882 

0-3127 

0-2949 

+ 1-1314 

+ 1-1944 

+ 1-1482 

+0-5550 

+0-5690 

+0-5584 

0-1944 

0-2109 

0-1899 

+ 10376 

+ 1-0926 

+ 10432 

+0-6488 

+0-6708 

+0-6634 

0 0309 

00571 

00273 

+0-8741 

+0-9388 

+0-8806 

+0-8123 

+0-8246 

+0-8260 

00208 

0-0385 

0-0184 

+0-8640 

+0-9202 

+0-8717 

+0-8224 

+0-8432 

+0-8349 

0-3903 

0-4001 

0-3928 

1-4760 

1-5477 

1-4926 

0-9910 

10159 

0-9996 

1-5217 

1-5945 

1-5410 

0-9453 

0-9691 

0-9512 

1-4279 

1-4927 

1-4360 

1-0391 

1-0709 

1-0562 

1-2644 

1-3389 

1-2734 

1-2026 

1-2247 

1-2188 

1-2543 

1-3203 

1-2645 

1-2127 

1-2433 

1-2277 

1-2335 

1-2818 

1-2461 

0-430 

0-471 

0-437 

0-408 

0-443 

0-417 

100:95 

100:94 

100:95 

17-000 

141000 

16-5000 

2307-5000 

674-3000 

2957*5100 

87 

30 

117 

65°-15 

65° 05 

65°-12 

5-078 

5-194 

5-108 

73-60 

75-31 

74-05 
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Adopting the above numbers as the respective numerical values of each 
order, we have for barracks :— 



No. of 


Value 


No. of order. 

observations. 

of order. 

Total. 

2. ...... 

89 

X 

2*13 = 

189-57 

3. 

88 

X 

3*46 = 

304*48 

4 & 5. 

97 

X 

4*66 = 

452-02 

Sums.. 

.. 274 



946-07 

giving a mean of 3*45. 





Eor hospitals we have 

:— 




2. 

20 

X 

2*13 = 

42*60 

3. . 

46 

X 

3*46 = 

159*16 

4 & 5. 

20 

X 

4*66 = 

93*20 

Sums.. 

.. 86 



294*96 


giving a mean of 3*43. 

Here we find the same numerical value (signifying close ) applied to 
0*580 in hospitals and 0*601 in barracks. There is thus, even in this 
comparatively limited number of observations, a confirmation of the opi¬ 
nion that more air is necessary to keep an air-space sweet in disease than 
in health. It is, however, right to point out that in the one case the 
occupation was continuous, and in the other chiefly at night only. 


II. On the Atmospheric Lines of the Solar Spectrum, illustrated 
by a Map drawn on the same Scale as that adopted by Kirch- 
hoff/’ By J. B. N. Hennessey, E.R.A.S. Communicated 
by Prof. Stokes, Sec.B.S. Received, the map June 9, 1874, 
the text January 11, 1875. 

(Abstract.) 

The spectroscopic observations described in this paper were made with 
instruments belonging to the Royal Society, and in accordance with 
certain suggestions which had been made to the author by a committee 
appointed in consequence of a letter of his to Sir Edward Sabine, 
President, dated 13th Eebruary, 1866. In view of his residence at a 
considerable height above the sea-level, and of the exceedingly clear 
atmosphere prevailing at some periods of the year, it was suggested that 
the locality was peculiarly favourable for a determination of the lines of 
the solar spectrum due to atmospheric absorption, and that, for this pur¬ 
pose, the solar spectrum when the sun was high should be compared with 
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